Background. Bowel dysfunction is a known complication of colorectal cancer (CRC) surgery. Poor bowel control has a detrimental impact on survivors' health-related quality of life (HRQOL). This analysis describes the dietary and behavioral adjustments used by CRC survivors to manage bowel dysfunction and compares adjustments used by survivors with permanent ostomy to those with anastomosis. Methods. This mixed-methods analysis included pooled data from several studies that assessed HRQOL in CRC survivors. In all studies, CRC survivors with or without permanent ostomies (N = 856) were surveyed using the City of Hope Quality of Life Colorectal Cancer tool. Dietary adjustments were compared by ostomy status and by overall HRQOL score (high vs. low). Qualitative data from 13 focus groups and 30 interviews were analyzed to explore specific strategies used by survivors to manage bowel dysfunction. Results. CRC survivors made substantial, permanent dietary, and behavioral adjustments after surgery, regardless of ostomy status. Survivors who took longer after surgery to become comfortable with their diet or regain their appetite were more likely to report worse HRQOL.
surgery. Strategies include functional self-care, social activity alterations, and use of complementary/alternative approaches. 14 Medications, protective pads/diapers, and dietary modifications are common functional self-care strategies. Social activity alterations are used to prevent bowel accidents in public. 15 Acupuncture and complementary therapies are less frequently reported. 15 Dietary and behavioral adjustments are common functional selfcare strategies for managing bowel dysfunction. 13, 16, 17 More than half of CRC survivors report using dietary adjustments and intentional social isolation to prevent bowel accidents in public. 18 However, evidence describing the specific types of dietary and behavioral adjustments is lacking. In addition, the effects on HRQOL are not adequately described in the current literature. Therefore, we analyzed data from our studies related to the dietary and behavioral adjustments used by long-term (C5 years) CRC survivors to manage bowel dysfunction. We sought to answer the following questions: (1) What percentage of long-term CRC survivors adjusted their diets? (2) How long does it take CRC survivors to adjust to dietary changes? (3) Do dietary adjustments affect HRQOL? 4) Do differences exist in adjustments based on ostomy status (permanent versus anastomosis)?
MATERIALS AND METHODS
Mixed methods data pooled from several studies that assessed HRQOL in CRC survivors were used. [19] [20] [21] We analyzed quantitative HRQOL data from mailed survey studies at Veterans Affairs centers in Tucson, Arizona, West Los Angeles, and Indianapolis (VA Study) and at Kaiser Permanente regions in the Northwest, Northern California, and Hawaii (KP Study). 20, 21 Outcomes were compared for cases (survivors who had a major gastrointestinal procedure with a permanent ostomy) or controls (survivors who had a major procedure with an anastomosis). Qualitative data were pooled from focus groups in the VA and KP studies and interviews from one ancillary study with female CRC survivors. 19 All studies were approved by the Institutional Review Boards at University of Arizona and other collaborating sites.
Mailed surveys included the City of Hope Quality of Life Colorectal Cancer tool (COH-QOL-CRC). 22, 23 The tool assesses HRQOL in the physical, psychological, social, and spiritual domains. 23 It consists of 47 forcedchoice and open-ended items and 43 HRQOL items evaluated using 11-point scales. There are multiple items related to diet and behavioral adjustments, including questions on time to comfort with diet, time to appetite return, dietary adjustments following surgery, and specific food categories that were avoided. Validity analysis, including the identification of HRQOL cutoffs for the dietary adjustments, were conducted using content, construct, discriminant, and criterion-related approaches. 23 Survivors in both the ostomy and anastomosis groups were identified through medical record searches using ICD-9-CM diagnosis and procedure codes. Eligibility criteria included: (1) treated in the VA system or current KP membership; (2) age 18 years or older; (3) diagnosed with CRC at least 5 years before the survey (KP study only); and (4) history of a major procedure that did or did not result in a stoma (those who had a reversed temporary ostomy were excluded). Survivors undergoing treatment at the time of the survey were excluded. Ostomy and anastomosis patients were frequency matched in the VA study by the following: (1) Focus groups and interviews were conducted to better characterize postoperative dietary and behavioral adjustments. Survivors from the highest and lowest HRQOL quartile were invited to participate in separate focus groups led by skilled facilitators. A group of female survivors in the KP Study were interviewed individually using a discussion guide with open-ended questions. Focus groups lasted approximately 2 h. For individual interviews, women were sent a recruitment letter inviting them to participate in hour-long interviews. Interested participants were contacted to confirm eligibility and schedule an interview. All focus groups and interviews were audiorecorded with the participants' permission.
Quantitative Analysis
Analysis was performed using the Stata Ò statistical software release 10 (StataCorp 2007, College Station, TX). Demographic characteristics were compared by ostomy status within each study, using Student's t tests for continuous measures and v 2 tests for categorical measures. Both studies were powered a priori for association of ostomy status with HRQOL outcomes that were not part of the present analysis.
We evaluated the relationship between measures of dietary adjustment and either ostomy status or HRQOL category (score C7) in both study samples combined. We tested the associations using a multilevel mixed-effects logistic regression model, treating the source study as a random effect and adjusting for tumor site (rectal vs. colon), Charlson-Deyo comorbidity score, and the timesince-surgery. Treating the source study as a random effect should account for observed differences between the populations, such as the proportion male or married/partnered, as well as potential unobserved differences. We adjusted for the time-since-surgery because of differences observed by ostomy status as well as different eligibility criteria for time-since-diagnosis between the two studies. We theorized that any observed associations may differ by tumor site (rectal vs. colon) and tested for effect modification (interaction) by tumor site prior to adjusting for tumor site.
Qualitative Analysis
Qualitative data derived from the focus groups were transcribed into text format and analyzed using HyperRE-SEARCH Ò . Interpretation of data was guided by the direct qualitative content analysis approach. This allows for identifying initial key concepts by expanding on existing theories and research. 24 All transcripts were read and individually coded and categorized into themes by investigators experienced in qualitative analysis. A separate secondary analysis of all coded content was undertaken to explore dietary and behavioral adjustments that are commonly used to manage bowel dysfunction. Two investigators (VS and MG) reviewed all coded content related to dietary and behavioral adjustments and categorized the content themes. Investigators who did not participate in the initial review and selection process conducted a final validation of the dietary and behavioral adjustment content and themes. Data that were discordantly coded were discussed with all investigators for refinement and consensus.
RESULTS

Demographic Characteristics
A total of 856 CRC survivors were included in the quantitative analysis (185 for VA study; 671 for KP study), with 345 ostomy and 511 anastomosis participants. The VA study consisted primarily of male veterans, and more than half of the KP study sample was male (Table 1) . Overall, the mean age was 72 years, and the majority of survivors were non-Hispanic white. The VA subjects were less likely to be married or partnered before surgery (both ostomy and anastomosis) and at time of study (ostomy group only) compared with KP subjects. VA subjects had a lower mean time since surgery (both ostomy and anastomosis) compared with KP subjects. For tumor sites, the difference in proportion with rectal tumors is significantly higher in ostomates for both studies (p \ 0.001). No significant demographic or clinical differences were observed by group (ostomy vs. anastomosis).
Dietary Adjustments by Ostomy Status
We did not observe significant differences in dietary adjustments, specifically time-to-comfort with diet and time for appetite to return by ostomy status (Table 2 ). An isolated significant interaction was observed between tumor site (rectal vs. colon) and time-to-appetite return (p = 0.03), suggesting that for subjects with rectal tumors having an ostomy may be associated with greater likelihood to need 1-12 months for appetite to return, whereas for subjects with colon tumors having an ostomy may be associated with lower likelihood to need 1-12 months for appetite to return (referenced to less than 1 month). However, because no significant interaction was observed for the longer categories of appetite adjustment, and the associations were not significant when we modeled tumor site groups separately, we report the findings for appetite to return adjusted for tumor site, rather than separately by tumor site. No other interactions with tumor site were observed. Subjects with an ostomy were more likely to report avoidance of carbonated beverages and vegetables.
Dietary Adjustments by HRQOL Score
Subjects who took longer to regain comfort with diet were significantly more likely to report lower HRQOL, across all categories of time relative to less than 1 month (Table 3) . Odds ratios were greater as the time category increased. Similarly, subjects who took longer to regain appetite were significantly more likely to report lower HRQOL, across all categories of time relative to less than 1 month, with those taking over 1 year having an odds ratio more than twice that of those taking 1-12 months (relative to less than 1 month). Subjects who adjusted diet because of surgery or to prevent gas after surgery were significantly more likely to report low HRQOL. No interactions with tumor site were observed. 
Strategies to Regulate Bowel Function
A total of 63 survivors participated in 13 focus groups across both studies (VA study = 29; KP study = 34; range = 2-8 survivors per focus group). Thirty female CRC survivors participated in the individual interviews. Strategies for regulating bowel function are depicted in Fig. 1 . The first strategy involved dietary adjustments to improve bowel control and comprised the majority of modifications. Three food classes were identified: food categories to avoid, specific foods to avoid, and helpful foods. A second strategy for bowel regulation involved behavioral adjustments and included those directly related to meals and eating and those that were non-meal-related. The third strategy involved the use of exercise for bowel regulation. The fourth strategy involved medications, including antidiarrheal agents, bulking agents, and pain medications.
A wide array of foods and food categories were reported to be harmful to bowel function (Table 4) . Survivors avoided spicy, fatty, and dairy products, because they resulted in diarrhea, constipation, and gas. Specific foods, such as corn, beans, peanuts, popcorn, onions, and lettuce, were avoided. Helpful foods included adequate fluids, fibrous foods, and prune juices. One form of fluid intake that was found to be harmful was carbonated beverages. Some food categories, including vegetables and fruits, were reported as being harmful by some survivors but helpful for others.
The majority of behavioral adjustments were meal-related, such as not overeating, eating smaller meals, eating fewer meals, chewing food slowly, and planning meals around social activities. Some survivors skipped dining out altogether to avoid potentially embarrassing situations in public. Survivors changed their meal patterns or the quantities of foods they consumed based on known effects on bowel function (e.g., frequency and urgency) or other events in their lives.
Non-meal-related adjustments included staying at home or close to home/familiar bathrooms and knowing public bathroom locations. These adjustments reduced their fears about leakages or embarrassing situations. Some ostomy survivors used irrigation to control bowel habits. Survivors also described using physical activity to help regulate bowel patterns. Participation in more strenuous exercises, such as running, increased the frequency of bowel movements.
Medications and supplements were frequently discussed as a remedy for irregular bowel patterns. As a group, survivors did not take a uniform approach with medications but experimented with a variety of agents to control their bowel function.
DISCUSSION
Our findings revealed that although many long-term CRC survivors adjust to bowel changes after surgery, a substantial number continue to struggle with maintaining Mixed-effects logistic regression adjusted for tumor site, Charlson-Deyo comorbidity score, and years-since-surgery, study site as random effect a Asked only in the ostomy group CI confidence interval bowel control. Specifically, the results revealed that for long-term CRC survivors, dietary adjustments occur regardless of ostomy status. With the current analysis, we were unable to determine and delineate similarities and differences in strategies used to manage bowel dysfunction based on ostomy status. Our findings also confirmed the association between bowel dysfunction and HRQOL, and we observed that long-term survivors who report difficulties in dietary adjustments experience worse HRQOL. This finding suggests that interventions focused on providing CRC survivors with dietary and behavioral strategies to manage bowel dysfunction in the postoperative setting have the potential to improve long-term HRQOL. Our previous research found that excessive and uncontrollable gas significantly impacted CRC survivors' psychological and social well-being postoperatively. 7, 9, 10, [25] [26] [27] This detrimental effect may result in lower overall HRQOL and increased social isolation. Finally, although we did not identify any significant differences in dietary adjustments by gender, our previous research suggests that gender differences in adjustments may exist. 28 Further research is needed to delineate the influence of gender on dietary and behavioral adjustments and HRQOL. Our qualitative content analysis revealed heterogeneity in the strategies that CRC survivors used to manage bowel dysfunction. The exact dietary modifications varied, and the current analysis could not identify which modifications were the most important. Behavioral modifications, such as changing the number and timing of meals and staying close to home, were common. Social well-being is a unique feature in CRC survivorship; therefore, these behavioral changes have particular relevance. 29 Intentional isolation from daily and social activities may result in lower HRQOL related to bowel dysfunction postoperatively.
Several limitations of the analysis warrant discussion. First, the analysis was unable to address potential confounding factors related to the primary clinical course following surgery, such as adjuvant treatments and complications. For colon cancer survivors included in the analysis, we were unable to include distinction of right or sided tumor location. Second, our findings may not be generalizable to non-VA and non-HMO populations. The results should be confirmed with CRC survivors in other health care systems. Finally, our sample population was predominantly white and male. Future research should focus on examining differences in dietary and behavioral adjustments by including a more diverse sample population.
CONCLUSIONS
CRC survivors undertake substantial dietary and behavioral adjustments to maintain bowel function, and these adjustments have implications for long-term HRQOL following surgery. Wide arrays of strategies were used by survivors to attempt to regulate bowel dysfunction. Surgeons should be aware of the myriad strategies that CRC survivors use to adjust to post-operative changes in bowel function. These strategies can be incorporated into empirically-based recommendations on coping with impaired bowel function during patient-centered treatment decisionmaking discussions.
